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K : KAPL AR CIFANING FROGRAM
By L. J. Cherubin and J. J. Fitzgerald, GE, KAPL

o
ABSTRACT:

A brief description of the air cleaning requiroments at the Knolls Atomic
Power Laboratory is given. A total of 407,600 cfm of air is cleancd in which
the CWS-6 filter units are used to clean approximately 80 per cent of the air
at the Laboratory. Caustic scrubbers and an electrostatic precipltator are
utilized in specific air cleaning operations,

The efficicncy of the air cleaning units is indicated by the low concentra-
tions of radiocactlve and toxic materials in the environs which are tabulated.

The collection efficiencies of six filter media used for air cleaning and
air sampling arc tabulated as a function of face velocity and particle size.

INTRODUCTION

Before discussing the air cleaning requirements and investigetions et the
Knolls Atomic Power laboratory, it seems appropriate that onc should describe
the Leboratory and its program. . The Knolls Atomic Power Lsboratory is operated
by the General Electric Company under contract with the United States Atomic
Energy Commission. Mr. Karl R. Van Tassel is the General Manager. Dr. Kenneth
H. Kingdon is the Technical Department Manager while Mr, F. E. Crever, Jr., is
the Engineering and Projects Department Manager.

The Knolls Atomic Fower ILaboratory is primarily concerncd with the develop-
ment, design, manufacture, and installation of an intermediate reactor for sub-
marine propulsion. This reactor, first of its type, uses uranium as fuel and
sodium as a coolant and will be installed in an actual portion of a submarine
under conetruction at our West Milton Site. The reactor end engine room com-
partment of this submarine prototype will be enclosed in a tank of water located
within a gas-tight 225 foot steel sphere, the largecst ever buili, The laboratory
is also engapged in developing a submarine intermediate reactor for actual instal-
lation in a sea-going vessel, In addition to this type of vork, KAPL is respon-
sible for furnishing the necessary dovelopment york as assistance to the Hanford
and Savennah River operations offices. This offort is directed toward improving
production facilities,

The work on these projects, illustrated in Figure 1, is carried on in the
following facilitios: the Knolls Atomic Power L&boratory, located in the Town
of Niskayuna; Pecck Strecet Site, located in the cily of Schencetady; the Alplaus
Site, located in the Town of Alplaus, and the West Milton Site, located in the
Town of West Milton., The Knolls Atomic Power Lsboratory (KAPL) io located on a
plot of approximutely 170 ucres of land in the Town of Niskayuna, New York,
about 5 nmilcs cast of the conter of the City of Scucnectady and about 1/2 mile.
:from the Genoral Electric Compoany Roscarch lLaboratory. It was complotod Janu-
ary 1, 1950, at a cost of approximately $28,000,000.
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The Atomic Fower Laborateory, as shown in the comiosite phologruphs, consioto
of a main group of five interconnected buildings providing space for adminiotru-
tion, cafeteria, physics laboratory, genoral shops, and motallurgical and engl-
ncering laboratorios. In addition, there 1o another group of thrco interconnected
buildings housing a chemical laboratory, pilot plunt laboratory, and Separations
Procoss Research Unit. Therc aro also 12 dotaclicd buildings providing for scrvice
facilities. Thero is approximately 371,000 sguarc feet of gross floor spacc in
these facilities. Additional site facilitieso include o Preliminary Pile Asscmbly
which is a flexiblo mockup for tho intermcdiate nuclear recactor, a Thermal Test
Reoctor, uscd primarily for resecarch purposcs, and Test Cells for a Radioactive
Materials Laboratory.

" Approximately 20 per cent of the siaff is employed at the Pecek Street Site
located in Schenectady about onc .mile north of the center of the city, and the
liquid metal research work is conducted at the Alplaus Site which is situated in
tHe Town of Alplaus, approximately 3 miles northcact of Schenectady.

The West Milton Site is located on a plot of about 4,000 acres in the County
of Saratoga, approximately 18 miles north of Schenectady. The construction of
the 225 root spherc to house the submerine prototype, shown in the composite photo-
graph, has been completed and the sphere has been successfully prossure tested.
Six permanent-type buildings will be erected at this oite. There are approximately
2,000 people exployed at the Knolls Atomic Power Iaboratory and its facilitiles.

ATR CLEANING REQUIRLMENTS AT KAPL

To describe the KAPL air cleasning progrem, the air cleaning roguirements will
be enurerated by a consideration of the numbers and types of alr clecaning systems
used togother with the capacities of these systems and the areans serviced. The
efficiencies of these air cleaning systems will be indicated by the concentrations
of toxic elements in the stack air effluents and enviromns,

However, before illustreting the datz on the KAPL air cleaning systems and
the concentrations of toxic materials in the stack effluent and the environs, a
few pictures of the stack air cleaning systems, typical areas ventilated and the
environmental monitoring equimment will be presented to aid in the description of
the KAP’L air cleaning program. .

A 100-foot stainless steel stack serving the Separations Pilot Plant is shown
in Photograph 1120906. The Liguid Waste Processing building which is situated 1o
the loft of the main building in the photograph has a S50-foot high stainless stecl
stack. To the right of the 100-foot stack is a caustic vent scrubber serving in

. series with a glass wool CWS filter unit. Separations Proccop geses and entreined
particulato materisl are vented through this scrubber and CWS filter. On top of
the Pilot Plont Building you can sce one of many typlcal stubby alr exhaust pipes
utilized at KAPL. These exhaust pipes are approzimatcly 16 to 20 fect above roof
levels.

A typical filter unit enclosing glass wool and CW3 filters is shown in Photo-
graph 1120929. A porticn of the cyclone scparator which precedes the electro-
static precipitator ir the Special Materials Machine Shop vhere beryllium and

uraniut are machined is depicted in Photograph 108699%. A bood in which highly
rodioactive materinls ere manipulated is 1llustratced in Photograph 1120898, ruoto-
graph 1085992 shows ventilation provided in the Specilal Materials Machine Shop.

Photograph 1120928 duplcts e cave arca in which highly radiocctive mrterials are
ptudicd for radiaiiovn durago or offect on roactor structural materiel or fuel

elomonts, A typical air monitoring instrumentation omployod at KAPL is shown in
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Photograph 1096993. A GM counter and an air ionization chambor aro unod for thc
monitoring of air in the environs, ‘

Photograph 1107(15 dopicto an onvirommental continuous air particulato moni-
toring unit employing a GM countor, a vibrating rood cloctromotor and continuous
rocorder, scalors and recordors for tho two GM countors.

An I-131 scrubbor usod for stack and environmontel alr monitoring purposeco
is 1llustrated in Photograph 110kh1l, Not shown, however, is a Kanno Chambor
unit ueod to dotoct the radioactive noblo gasos and tritium .

The data in Teblo 1 indicato the various buildings on tho Knolls Site, the
nmbor of air exhaust units, tho total capacity of the air clcaning units, tho
type of alr cleaning aystems, a genoral doscription of areas vontilated, and a
number of units sorved or zonen coverod., You can roadily sco that the gluss
wool CWS filter systems predominate, that the cyclono soparator-clectrostatic
precipitron is a major systom whilo the caustic scrubbers are confined to scrv-
ing the vonting of process vessels in tho Pilol Plant and treat a very small
volunes of the laboratory ailr at KAPL.

The nature and amounts of toxic elemonts emitted in 1952 from the varilous
laboratory buildings are listoed in Table 2., Emission of radiogascs is mssociated
with short periods (a few hours) end dilution in large volume of stack air.
These guses have presentsed no sipgnificent health hazard problems at KAPL., All
those toxic elements are released into stacks discharging from 40,000 cubic feet
of air per minute or more, Tho Scparations Pilot Plant stack effluent is the
most important factor in the contamination of atmosphere with fission products
and alpha activity. The stack offluent from tho Special Materlals Machine Shop
building (D-3) is the major potential source of berylliwm contaminatican in the
envirorment. .

The data in Table 3 indicate to somo degreo the radiation levels at contact
associated with the particulate filters. As one would expect process cell air
filters arc the highest, .

The range of concentrations of the various toxic elements in the KAPL stack
air effluents ere illustrated by the data in Teble 4, The data indicate that
etmospheric air dilution must be relied upon for the Separations Pilot Plant
stack exhaust air but the dilution factors required are low even at the maximum
concentrations, / .

The data in Table 5 indlcate that etmospheric dilution is also requircd to
_reduco I-J131 concentration emitted from the Separations Pilot Plant, and the
beryllium concentration released from the Special Materiels Machine Shop builcd-
ing to pcrmissible concentrotions in the environs. The data indicate that ihe
CWS filters are vory coffectlive In removing beryllium from laboratory hood ex-
haust air,

The data listed in Table 6 chow that no concentration of beryllium above
the preseribed limit of 0.01 #g/M3 was detected in the environs. The radioactive
particle count represents sompling of three on-site and two off-site locations
and is diluted by data from the West Milion Site. These data also reflect out-
side iInfluences ap well; however, maximum particle counts from KAPL opcrations
exceed thosc aspoclated with outside influence, Tho local particle problem re-
sults from the entrainment of particulate material from the soparations procoss
operaotions rather than from stack corrosion.

The filtereble particulate fisslon product concontrations which wero detor-
mined at the environmentel stations at KAPL and Weost Milton are illusirated in
Tablo 7. Theso concentrations ropreoont 3-or l-day avoragos. Building M-2 is
in iho prevailing wind diroction from the stuck utl a diotance approximately 10
plrck hoightn away. Tho West Milten data aro considored background data for
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TABLE 3

ACTIVITY LEVELS OF AIR CLEANING SYSTENMS

- Radiation Levols
(Contact Measurcment)

. Bu‘ildihg Area mrep /hr mr /hr
E-1 laboratory Hood Filter _ 500 50
E-2 . Radiocactive Materials ‘ .
Lsboratory Lo 10 5
G-1  laboratory Hood Filter 175 10
G-2 Hood Filter ' . 370 1k
' Cell 1 Filter ) - 20,000 1,500 at 3 ft.

E Pipe Tumnel Filter . .. 950 150
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Filter

Media

W-L0
W-41
E-~T0
AEC-1
cc-6

AAA

WASL-170

TABLE 10

EFFICIENCY OF FILTER MEDIA

Y3

Maximum Minimum -
Efficiency. Efficioncy
" Effi-  Partifcle  Faco Effi-  Particle  Face
clency, Size, Yelocity, cioncy, Sizo, Veolocity,
Por Cent Micron em/soc., Por Cent Micron cm/sec.
99.7 ~2.1 lOO_ 59.3 2 10
99.6 2.1 10 85.2 2 2
93,9 2.1 5,50 97.0 .2 10
>99.9 2.1 50,80 92.9 .2 1
>99.9 2.1 2 98.2. .2 0.5
>99.9 2.1  20,50,80 975 .2 %0
TABIE 11
EFFICIENCY OF FILTER MEDIA‘
Poer Cont Efficlency | ‘ :
Filtor (at 50 cm/sec and for _ . ‘Relative
.Media i 0.2 micron particles) Penetration Penétration
W-40 | 97.2 ' 2.8 4.0
w-h1 98,4 1.6 2.3
H-70 989 ©oaa 1.6
AEC-1 99.3 0.7 1.0
cc-6 99.2 ‘, 0.8 1.1
AMA 98.8 1.2 1.7




WASII-170 S S 5

ostimating outside influoncos. Thoso concentrations indicato ne significent in-
halation hazards at tho Knolls Sito. Alpba activity dotorminations wore bolow
statistically significant valuos., ’

Tho status of vegotation contamination on the Knolls Site, vicinity and
Wosl Milton is indicated in Table 8. Variations in natural potassium astivity,
and ocutsido influonces mako it difficult to ansoss tho solo influcnce of local
oporations. Wost Milton sumplos, howevor, areo a guide to the influence of out-
sido sourcos. Contemination of vegotation due to activity in precipitation
(rain or snow) is probably the dominant effect rathor than tho doposition from
" fall-out. : 4

An occasional ovidence of 1-13)1 contamination in the environs is indicated
by the data in Table 9. . T

Summing up the air cleaning statistics at KAPL, the most significant amounts
of alpha activity, fission product activity, and radioactive particles are
emitted from the Separations Process stack (approximntely 100 f£t. high). The
stack effluent from Building D-3 roof stack {approximately 16 feet high) contains
the most significant concentralions of beryllium. Atmospheric dilution, though
usually of a low order, must be relied upocn occasionally, even after treatment,
to reduce airborne. contaminants to acceptable levels from the point of view of
inhalation hazard and vegetation contamination. The Separations Pilot Plant
stack air effluent has received the grestest attention with respect to isotopic
identification of radicelements emitted, particle size, and proper sampling
methods. - .

AJR SAMFLING AND AIR CLEANING INVESTIGATIONS

Alr sampling and air cleaning investigations at the Knolls Atomic Pover
Laboratory during fiscal year 1953 were grouped into three categories: (1) ef-
ficiency studies of filter media, (2) efTiciency studies of alr sampling snd air
cleaning units, and (3) the evaluation of the KAPL separations Pprocess stack ef-
fluent, Some of the results of efficiency studies of filter media are dbriefly
discussed here. : .

Filter Efficiency Studier : .
) The efficlency of six alr sampling filter media was determined in the par-
ticle pize range of 0.2 to 2.1 microns under the light microscope using Millipore
filters. The filter media, Whatman-40 and 41, Hollingsworth end Vose-T0, AEC-1,
Chomical Corp 6 (CWS-6), and AAA (1106-B) glass fiber paper were tested through-
out the face velocity range of 0.5 to 100 cm/scc. Eff-iciency was exprosscd on &
size count basis Tor solid particles of 2.7 gm/cm3 density. The maximum and
ninimim efficlencics for thesc filter media in the specified ranges axrc listed
in Table 10, _ )

The maximun efficiency for all filier media wan greater than 99.5 per cent
at various faco veloclties for 2.1 micron particles. The minimuwn efficlency for
all filter modia except the Whntman was greater than 92.8 per cent for particle
8izos of 0.2 micron. It 1s indicated by the dala in Teble 11, however, that at
orerating face velocitios of 50 cm/oec, the efficicncies of all filter modia ars
groater than 97 por cent even for 0.2 micron particles.

Thooe officioncy studics of the filtor modia arce boing oxtonded to the sub-
microscopic rango vy unelyzing undor tho olectron microscopo tho particles onter-
ing and pesoing through itho losl filtor modia,
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